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antitlad  "Investigation  and  Correlation  of  Soma  Physical  Param¬ 
eters  of  Fallout  Material" 

1.  An  attempt  was  made  to  relate  the  radioactivity  of  a  fallout  particle 
to  its  physical  parameters  (size,  shape,  ccivr,  density  and  weight).  In 
enclosure  (1),  it  was  found  that  there  is  a  trend  for  the  radioactivity 
to  increase  as  the  particles  get  heavier  and  larger. 
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ABSTRACT 


A?!  attempt  has  been  made  to  correlate  some  of  the 
fundamental  physical  parameters  of  fallout  material. 
Parameters  discussed  are  color  and  shape,  activity, 
size,  weight,  and  density.  What  little  correlation 
that  was  possible  among  the  accumulated  data  is  pre¬ 
sented  together  with  the  residual  error. 
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SUMMARY 


The  Problem 


The  problem  was  to  investigate  possible  correlation  between 
activity,  color  and  shape,  si ze,  weight,  and  density  of  primary 
fallout  particles. 

Findings 

The  investigation  revealed  a  significant  difference  in  density  and 
activity  in  different  types  of  fallout. 
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1.  UfTRODUCTIOIf 

Operation  REEWING  provided  XHDEL  with  numerous  field  samples  vhich  vere 
shipped  to  the  Laboratory  from  the  test  site.  Two  of  the  shots,  Zuni  sod 
Teva,  provided  particles  adequate  for  the  measurement  of  physical  parameters* 
The  samples  vhich  vere  analysed  vere  designated  as  vhlm  samples.  The  vhim 
samples  from  both  events  vere  collected  in  the  same  manner,  from  the  decks 
of  a  barge  and  a  ship.  The  samples,  vhich  consisted  of  a  large  msaber  of 
«gyii  i  particles,  vere  scraped  ip,  put  into  containers  and  sent  back  to 
the  Laboratory  for  analysis  or  storage.  There  vas  one  vhim  sample  from 
Zuni  vhich  came  from  a  barge,  YFNB  29  and  tvo  vhim  saaples  from  Teva,  one 
from  the  YFNB  29  and  the  other  iram  a  ship,  YAG  39*^ 

The  particles  vere  analysed  to  see  vhat,  if  any,  correlation  existed 
between  activity  and  a  physical  parameter.  Activity  of  a  particle  refers 
to  the  net  counts  per  minute,  as  detected  under  four-pi  geometry  by  a  thallius 
activated  sodiuu  iodide  crystal.. 

2.  PARAMETERS  INVESTIGATED 

The  vhim  saaples  vere  scooped  off  the  deck  of  a  vessel  vhich  had  been 
strategically  located  in  the  fallout  area.  It  is  assuaed  that  the  saaples 
vere  chosen  vithout  discriminating  against  any  particular  size,  color, 
veight,  or  shape.  When  the  saaples  reached  the  Laboratory  a  small  portion 
of  the  total  sacple  vas  selected  for  analysis.  In  general,  the  particles 
selected  for  these  analyses  vere  randomly  chosen,  but  same  of  their  physical 
characteristics  had  been  disturbed  in  handling  the  saaple  itself.*  Seme  of 
ihe  particles  vere  extremely  fragile  and  vere  broken  before,  during,  and 
after  their  selection. 


*  Zuni  particles  vere  sieved 
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The  physical  parameters  observed  were  color  aztd  shape,  size,  weight, 
fluid  density*  Each  of  these  parameters  merits  further  discussion  about 
the  method  of  measurement  fluid  the  reproducibility  and  validity  of  the 
results. 

2.1  Color  and  Shape 

The  color  and  shape  of  each  particle  chosen  from  the  selected  portion  of 
the  original,  whim  sample  were  observed  under  a  stereoscopic  microscope.  A 
field  of  view  was  chosen  with  an  adequate  number  of  single  particles  fluid  then 
stripped  of  all  particles.  The  pflurticles  were  classified  according  to  their 
apparent  color  under  the  microscope.  The  most  prominent  colors  observed 
were  yellowish-orange  and  white.  The  particles  were  also  classified  according 
to  their  shape  (Fig.  l).  The  two  most  frequent  shapes  were  irregular 
(Fig.  la)  and  approximately  spherical  (Fig.  lb).  Figure  lc  shows  eui  inter¬ 
esting  feature  cosmon  to  most  of  the  spheres  observed;  they  were  hollow. 

It  is  Interesting  to  note  from  the  data  given  in  Appendix  A  that  among 
the  colors  seen  were  brown,  brilliant  yellow  and  sometimes  even  a  greenish 
tinge.  The  frequency  of  these  odd  colored  pflurticles  can  sometimes  be 
explained  by  the  method  of  collecting  the  sample. 

The  number  of  gray  porous  particles  found  is  of  interest.  It  is  possible 
that  they  represent  pflurticles  formed  in  a  different  region  of  the  cloud  than 
are  the  sphericflU.  and  irregular  type.  This  would  require  further  investigation 
and  analysis  of  these  particular  types  of  pflurticles. 

2.2  Size 

The  parameter  chosen  to  measure  the  size  of  a  particle  was  the  maximum 
projected  diameter  seen  under  a  mici'oscope.  This  method  yielded  reproducible 
measurements  of  size.  Tl-S  size  of  all  Tewa  particles  selected  was  recorded. 
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^8*  1  Examples  of  Sizes  and  Shapes  of  Fallout  Particles  Analyzed: 

(a)  Irregular  particle, 

(b)  Spherical  particle, 

(c)  Spherical  with  hollow  center. 
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2 . 3  Activity 

All  of  the  particles  from  both  events  were  counted  in  a  crystal  well 
counter.  Since  the  particles  were  counted  over  a  period  of  many  days,  the 
counts  had  to  be  corrected  to  a  conmon  time  in  order  that  activities  of  the 
particles  could  be  compared. 

A  general  decay  curve  for  each  location  and  event  of  interest  was  plotted. 
The  curve  used  for  Zuni  was  the  doghouse  counter*decay  of  YFNB  29-H-79,  that 
for  Tewa  the  doghouse  decay  of  YFNB  29-H-79  and  the  well  counter  decay  curve 
of  YAG  39-C-21  It  was  necessary  to  make  two  assumptions:  (l)  that  the 
doghouse  and  well  counter  decay  curves  have  the  same  slope,  and  (2)  that 
all  particles  decay  with  slopes  similar  to  the  general  decay  curves  from 
the  same  location  as  the  particle.  Both  of  these  assumptions  are  open  to 
justifiable  criticisms.  A  plot  showing  the  decay  of  tvo  particles  picked 
off  the  same  collector  is  shown  in  Fig.  2.  This  plot  illustrates  the  weakness 
of  the  second  assumption.  When  considering  the  difference  in  decay  slope 
for  individual  part  idea,  as  well  as  the  difference  in  slope  which  character¬ 
izes  a  counter' 8  efficiency, then  the  validity  of  correction  to  a  conmon 
time  is  questionable.  Although  the  activity  (c/m)  of  a  particle  is  repro¬ 
ducible,  the  ratio  of  the  activities  of  two  particles  counted  on  D+40  arid 
corrected  to  D+30  is  not  necescarily  a  constant  and  the  error  introduced 
is  not  a  constant  one. 

2.4  Weight 

A  number  of  particles  from  Tewa  whim  saaples  were  weighed  with  an 
Ainsworth  microbalance.  The  principal  error  introduced  in  weighing  was  due 

to  crumbling  of  particles  during  handling. 

*  A  large  shielded  scintillation  counter,  colloquially  termed  "doghouse" 
because  of  its  size  and  shape. 

U  H  £  i  £  ii  S  I  F]  Efi 


4 


/•r|yiT»  A?  so  C'*) 


to1 

Tr*C  D£TaRA^‘CW 


10* 


Pig.  2  Decay  curres  of  two  particles 
from  the  same  collector. 


Pig.  3  Activity  as  a  faction  of  maxiaan 
projected  particle  diameter. 
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2.5  Density 

The  density  of  a  particle  vas  determined  by  letting  it  case  to  an 
equilibrium  point  in  a  density  gradient  tube.  The  gradient  vas  made  with 
mixtures  of  bromoform  and  bromobenzene  with  density  ranges  from  2.0  to 
2.8  g/cu  cm.  The  ratio  of  bromoform  to  bromobenzene  to  yield  a  given 
density  mixture  vas  first  calculated.  Then  the  density  of  the  mixture  vas 
checked  vlth  a  refractometer. 

The  errors  Introduced  in  determining  the  density  of  small  porous 
particles  are  numerous  and  a  fev  are  quite  critical.  The  most  significant 
error  la  introduced  by  the  amount  of  air  trapped  in  any  cavities  the 
particle  possesses.  This  error  can  be  minimized  by  giving  the  gradient  tube 
a  sharp  rap  on  the  side  after  a  particle  has  entered.  This  rap  releases 
most  of  the  trapped  air  and  allows  a  particle  to  fall  to  an  equilibrium 
position.  Some  other  errors  are;  (a)  the  amount  of  the  particle  dissolved 
by  the  mixture ,  (b)  the  slowing  down  of  a  particle  as  it  crosses  a  boundary 
layer  which  frequently  introduces  faulty  recording  of  density,  and  (c) 
convection  currents  in  the  tube. 

3.  CORRELATION  OF  PARAMETERS 

Having  in  mind  the  above  errors  which  are  introduced  when  physical 
measurements  of  small  particles  acre  made  will  aid  in  understanding  the 
difficulty  of  attempting  to  correlate  the  parameters. 

3.1  Size  vs  Activity 

The  size-activity  plot  for  the  combined  particles  from  the  test  vessels  ,YAG  39 
and  YFKB  29, Event  Teva, is  shown  in  Fig.  3*  It  indicates  that  there  is  a  trend 
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of  increasing  activity  vith  particle  size.  Some  of  the  prominent  scattering 
can  be  explained  by  highly  irregular  particles.  By  examining  some  of  the 
particles  on  the  periphery  of  the  plot  a  better  insight  into  the  scattering 
can  be  gained.  Four  ci  these  particles  and  their  characteristics  from 
Appendix  A  are  shown  in  Fig.  4.  The  two  particles  circled  in  Fig  3  are 
shown  in  Fig.  4b  and  c,  thus  some  of  the  scattering  can  be  attributed  tc 
background  particles  that  had  be:ome  contaminated. 

The  correlation  between  size  and  activity  for  all  sixty  nine  Tewa 
particles  was  found  by  least  squares,  assuming  a  logarithmic  relationship,  to  be 

A(d*3o)  *  9  x  10*2  d2.01  (l) 

with  a  residual  error*  of  206£ 
where 

A(ih-30)  *  activity  (c/m)  at  thirty  days  since  detonation. 

D  »  maximum  projected  diameter  (microns). 

It  is  evident  that  the  activity  range  for  any  given  diameter  is  so  large  that 
no  definite  function  can  adequately  describe  the  correlation. 

The  spherical  particles  in  Fig.  3  are  identified  by  squares.  The 
relation  found  using  the  same  assumptions  as  above  is 

A(Df30)  -  2.76  x  10*5  d3-37  (2) 

with  a  residual  error  of  430^6  and  a  total  of  only  nine  particles. 

The  relationship  for  all  sixty  irregular  particles  is 

A(I»30)  x  x‘36  x  10*1  (3) 

*  Residual  error  is  the  error  which  cannot  be  attributed  to  the  linear 
regression. 
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Fig.  4  Assorted  Fallout  Particles: 

(a)  Particle  158,  white  irregular,  2508  p  7,2  x  lo'c/xt 
at  1*30, 

(b)  Particle  166,  brown  irregular,  2508  p,  5.4  x  ICrc/m 
at  D*30,  presumably  not  a  fallout  particle, 

(c)  Particle  177,  white  irregular  (grooves  like  a  shell), 
1881  p,  4,4  x  lO^c/m  at  D+30,  believed  to  be  a  piece 
of  shell  on  the  barge  before  the  shot, 

(d)  Particle  195,  white  irregular  2112  p,  4.4  x  lO^c/m 
at  D+30. 
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and  the  residual  error,  191^* 

From  the  above  results,  it  would  seem  any  estimates  for  activity  of 
&  number  of  spherical  particles  would  be  expected  from  Eq.  1  to  be  low 
vhlle  the  same  measured  D  for  a  number  of  irregular  particles  would  yield 
a  high  activity  value.*  This  indicates  one  must  not  speak  of  activity  va 
size  but  rather  activity  vs  size  vs  parcicle  type.  The  resulting  dispersion 
and  the  above  fact  seems  to  indicate  that  a  new  size  parameter  which  describes 
the  irregularity  of  a  particle  may  merit  further  investigation. 

3.2  Weight  vs  Activity 

Figure  5  shows  a  weight-activity  plot.  A  linear  relationship  on  log 
log  paper  was  hypothesized  and  a  curve  fitted  using  the  method  of  least 
squarea.  The  relationship  is 

A  «  3.2  x  11)3  W°*T  (4) 

and  the  residual  error  *  13^ 

where  W  «  weight,  (pg). 

The  dashed  lines  on  Fig.  5  represents  95^  confidence  intervals.  A  relation¬ 
ship  between  activity,  weight,  and  maximum  projected  diameter  was  found  by 
treating  each  as  variables  and  using  least  squares. 

A  «  178  V0*35  D°*63  (5) 

(2) 

It  has  been  hypothesized'  that  fallout  particles,  which  in  the  Eniwetok 
Proving  Ground  are  chiefly  calcium  conq>ounds ,  are  influenced  by  the  following 
reaction: 

*  As  seen  on  Fig.  3.,  this  is  only  true  for  particles  greater  than  320  microns. 
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Fig.  5  Activity  as  a  function 
of  the  particle  weight. 
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Fig,  6  Activity  as  a  function 
of  the  particle  density. 
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adverse  effect  on  any  weight  or  density  parameter  measured.  The  increase 
in  weight  as  a  function  of  time  would  depend  upon  the  quantity  c!  CaCC^ 
present;  porosity,  surface  area,  and  the  atmosphere  surrounding  the  particle. 

It  is  evident  that  as  a  function  of  time  the  activity  of  each  particle  would 
decrease  while  its  msss  increases.  The  change  in  mass  as  s  function  of  time 
is  only  significant  at  early  times,  such  as  2  to  8  hr  after  detonation. 

The  preceding  equations  can  be  considered  only  approximate  functional 
relationships  with  sizeable  residual  errors.  It  appears,  however,  that  the 
activity  is  functionally  related  to  the  weight  and  projected  diameter  of  a 
particle,  this  function  still  not  being  adequately  described. 

3.3  Density  vs  Activity 

A  density-activity  plot  is  shown  in  Fig.  6.  These  particles  were  selected 
from  the  Zunl  samples.  The  plot  shows  no  apparent  correlation  between  activity 
and  density. 

Inspection  of  Fig.  6  shows  a  clustering  of  particles  at  A*  2.3  and 
/*»  2.7.  A  plot  of  the  percentage  of  particles  falling  in  s  given  density 
range  vs  density  is  shown  in  Fig.  7.  The  heavy  line,  percentage  of  total 
particles  falling  in  a  given  density,  most  clearly  demonstrates  the  clustering. 
The  prominent  peaks  are  at  ^ ■  2.3  and  / •  2.7.  To  further  examine  these 
peaks  a  plot  was  made  shoving  the  percentsge  of  yellow  and  white  spheres 
with  a  given  density.  The  maximum  of  the  white  spheres  fall  at  2.3, 
and  the  maximum  of  the  yellow  at  f  ■  2.7*  The  density  distribution  is 
recorded  in  Table  1.  It  seems  valid  to  say  that  the  yellow  spheres  are  more 
dense  than  the  white. 
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Fig.  7  Density  distribution  of  the  particles 
Analysed. 
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Table  1  Density  Distribution 


Total  number  of  particles  (N)  -  120 

Total  number  of  yellow  spheres  -  71 

Total  number  of  white  spheres  -  43 

Mean  density  of  all  spheres  (/®  « 

R 

Mean  density  of  yellow  spheres  -  2.53  gm/cm^ 

Mean  density  of  white  spheres  -  2.33  ga/cm^ 

Density 

(g/cm3) 

Percentage  of 

Total  Particles 

Percentage  of 

Yellow  Spheres 

Percentage  of 
White  Spheres 

2.0 

2.5 

1.4 

4.7 

2.1 

6.7 

2.8 

11.6 

2.2 

7.5 

2.8 

16.3 

2.3 

22.5 

14.0 

35-0 

2.4 

9.2 

9-9 

7.0 

2.5 

11.7 

8.5 

13.9 

2.6 

15.0 

22.6 

4.7 

2.7 

19.2 

29.6 

4.7 

2.8 

5.8 

8.5 

2.3 

The  activity  range  of  the  particle*  is  shown  in  Table  2. 
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Table  2  Activity  Range 


Activity  at  D*30  (c/m) 


103-101* 

1<A-105 

105-106 

106-107 

Percentage  of  spheres 
in  activity  range  yellov 

m 

56 

60 

4 

white 

5 

55 

4C 

Thus  it  vould  appear  that  the  yellov  spheres  are  aiore  active  than  the 
white  ones.  Combining  these  results  could  mean  that  the  yellov  spheres  are 
produced  in  a  different  region  of  the  cloud  than  the  white. 

k.  SUMMARY 

The  results  of  this  investigation  may  be  summarized  as  follows;  (a) 

A  -  KjDn  and  A  -  each  of  which  must  be  derived  and  applied  to  its 

own  species,  after  this  is  done  there  is  still  a  sizeable  residual  error, 

(b)  the  yellov  spheres  are  more  dense  than  the  white  ones,  and  (c)  the  order 
of  increasing  activity  seems  to  be  white  irregular,  white  spheres,  and  yellow 
spheres . 

The  hope  of  finding  better  defined  functions  between  particle  activity 
and  physical  parameters  awaits  improvements  in  defining  these  parameters 
and  the  collection  of  more  data. 

Approved  ty* 

£.  ft. 

K.R.  TCHPKOB 

For  tbs  Scieotif  ie  Director 
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Appendix  A 

SINGLE  PARTICLE  AIALYBIS 


Thu  results  of  the  analyses  of  196  particles  are  listed  below: 


Specification  of  Particle 

F 

hraaeters 

Mo.  Event  Location 

Shape 

and 

Color 

Size 

(h) 

Activity  at 
D  ♦  JO 
(c/a) 

Mass 

(pg) 

Density 

(g/«3j 

Zuni  Uhl*  Sastple 

YFMB  29 

1 

White 

Sphere 

1. 51x10** 

2 

White 

Irregular 

3. 05x10** 

2.4 

3 

White 

Irregular 

2.23xl04 

2.3 

k 

Yellow 

Sphere 

2.30xl05 

2.6 

5 

Yellow 

Sphere 

6.30x105 

2.6 

6 

Yellow 

Bphere 

3.25X105 

2.5 

7 

White 

Sphere 

l.bOxlO5 

2.6 

8 

Yellow 

Sphere 

9.6x105 

2.3 

9 

Yellow 

Sphere 

3.7x10* 

2.2 

10 

Yellow 

Sphere 

7.9x10* 

2.5 

11 

Yellow 

Sphere 

7.0x105 

2.3 

12 

Yellow 

8phere 

1.1x105 

2.6 

13 

Yellow 

Sphere 

2.05x10* 

2.6 

Ik 

White 

8phere 

3.8x10** 

2.3 

17 
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Specification  of  Particle 

Pareaetere 

Vo*  Brent  Location 

Shape 

aa& 

Color 

Size 

(m) 

Activity  at 

D  ♦  3C 
(c/«) 

11 

Denaity 

(«/«*) 

£unl  Vhla  Saaple 

YFVB  29 

29 

Yellow 

Irregular 

1.2LxI06 

2.5 

30 

White 

Sphere 

7*4  xlo3 

2*3 

31 

Yellow 

Sphere 

2. 25x10** 

2.6 

32 

Yellow 

Sphere 

4.4  xlO5 

2.5 

33 

White 

Sphere 

3.4  xlO1* 

2.2 

3* 

Yellow 

Sphere 

1.5  xlO5 

2.7 

35 

Yellow 

Sphere 

6.8  xlO1* 

2.4 

36 

White 

Sphere 

3.1  xlO5 

2.4 

37 

1/2 

White 

Sphere 

1.5  xlO5 

2.3 

38 

3/4 

Yellow 

Sphere 

6.25x10** 

2.1 

39 

White 

Sphere 

7.7  xlO1* 

2.1 

40 

White 

Sphere 

2.8  xlO5 

2.3 

41 

Yellow 

3phere 

2.5  xlO5 

/2.7 

42 

Shite 

Sphere 

2.8  xlO5 

2.5 

UHw_LASS_IFIED 
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SINGLZ  PANTICLB  ANALYSIS 


Specification  of  Particle 


No. 

Brent 

Location 

Shape 

and 

Color 

43 

Zuni 

Vhia  Staple 
YFHB  29 

Vhite 

Sphere 

44 

Tellow 

Sphere 

45 

1/2 

White 

Sphere 

46 

White 

Sphere 

47 

White 

Sphere 

48 

Yellow 

Sphere 

49 

Yellow 

Sphere 

50 

White 

Sphere 

51 

3/4 

White 

Sphere 

52 

White 

Sphere 

53 

White 

Irregular 

54 

White 

Sphere 

55 

Yellow 

Sphere 

56 

Green 

Irregular 

_ Paraaetera 

Size  Activity  at  Naae  Density 

(»0  D  ♦  30  (>**)  (s/ca3) 

_ (c/aj _ 


2.7  xlO* 

2.3 

6.5  xlO1* 

2.4 

5.9x10** 

2.3 

9.2  xlO** 

2.5 

7.0  xlO** 

2.1 

2.9  xlO6 

2.7 

4.4  xlO** 

2.4l 

5.Qxl05 

2.3 

3.5  xlO5 

2.3 

8.7  xlO1* 

2.5 

2.45X103 

2.6 

4.2  xlo5 

2.3 

6.7  xlO5 

2.6 

9.2  xlOk 

2.1 

UlCLiSSIFlED 
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SINGLE  PARTICLE  ANALYSIS 


Specification 

of  Particle 

Parameters 

No.  Event 

Location 

Shape 

and 

Color 

Site 

<h) 

Activity  at 

D  ♦  30 

_(c/m) 

Mass 

(pg) 

Density 

(g/enP) 

Zunl 

Whim  Sample 
YFNB  29 

57 

White 

Sphere 

7.4  xlOk 

2.3 

56 

White 

Sphere 

1.58x105 

2.0 

59 

Yellow 

Sphere 

2.6  xlO5 

2.3 

60 

Yellow 

Sphere 

4.8  *105 

?.e 

61 

Green 

Sphere 

3.6  xlOk 

2.5 

62 

Yellow 

Sphere 

1.25xl05 

2.7 

63 

White 

Sphere 

6.6  xio^ 

2.1 

64 

Yellow 

Sphere 

5.9X101* 

2.5 

6? 

Yellow 

Sphere 

1.2  xlO^ 

2.5 

66 

Yellow 

Sphere 

1.12xl05 

2.3 

67 

White 

Sphere 

5.4  xlOU 

2.2 

68 

Yellow 

Sphere 

1.2  xlO5 

2.7 

69 

Yellow 

Sphere 

5.2  xlOU 

2.4 

70 

Yellow 

Sphere 

1} 

3  x  10 

°.7 

HCL18S  I  F  I  I  D 
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SINGLE  PARTICLE  ANALYSIS 


Specification  of  Particle 

Parameters 

No.  Event  Location 

Shape 

and 

Color 

Size 

M 

Activity  at 

D  ♦  X) 

(c/a  r 

Maas 

(pe) 

Density 

(«/«*) 

Zuni  Vhia  Saaple 

YTNB  29 

71 

Yellow 

Sphere 

1.7  xlO^ 

2.6 

72 

Vhite 

Sphere 

6.1  xlO* 

2.2 

73 

Yellow 

Sphere 

1.53x10^ 

2.1 

7l 

White 

Sphere 

2.65x104 

2.3 

75 

White 

Sphere 

1.0  xlO5 

2.5 

76 

Yellow 

Sphere 

I.l8btl05 

2.6 

77 

White 

Sphere 

7.2  xlO* 

2.2 

78 

Yellow 

Sphere 

I.l2xl05 

2.3 

79 

White 

Sphere 

2.3  xlO^ 

2.2 

80 

White 

Sphere 

2.1  xlO^ 

2.3 

8l 

Yellow 

Sphere 

6.9  xlO^ 

2.7 

82 

Yellow 

Sphere 

1.03xl04 

2.7 

83 

Yellow 

Sphere 

2.05xl05 

2.7 

81 

Yellow 

Sphere 

1.26xl05 

2.1 
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SINGLE  PARTICLE  ANALYSIS 


Specification  of  Particle 

Parameters 

No.  Event  Location 

Shape 

and 

Color 

Size 

(h) 

Activity  at 

D  *  30 
.  (c/a) 

Mass 

(>«) 

Density 

(«/«$ 

Zuni  Whin  Sample 

YFNB  29 

85 

Yellow 

Sphere 

9.6  xlO* 

2.8 

86 

Yellow 

Sphere 

1.02xl()5 

2.7 

87 

White 

Sphere 

9.8  xlO3 

2.4 

88 

Yellow 

Sphere 

1.2  xl05 

2.3 

89 

Yellow 

Sphere 

8.0  xlO4 

2.2 

90 

1/2 

Yellow 

Sphere 

5.3  xlO* 

2.6 

91 

Yellow 

Sphere 

2.9  xlO^ 

2.3 

92 

Yellow 

Sphere 

2.35xl05 

2.6 

93 

Yellow 

Sphere 

1.05xl06 

2.7 

94 

Yellow 

Sphere 

1.3  xlO5 

2.6 

95 

Yellow 

Sphere 

9.9  xlO5 

2.7 

96 

White 

Irregular 

2.L  xlO^ 

2.7 

97 

Yellow 

Sphere 

8.6  xlO*4 

2.6 

98 

Yellow 

Sphere 

1.3  xlO5 

2.8 

UNCLASSIFIED 
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SIHGLE  PAPTICI3S  AXALYSIS 


Specificat  ion  of  Particle 

Paraaetere 

Ho.  Event  location 

Shape 

and 

Color 

81te 

(p) 

Activity  at 

D  ♦  30 
(c/a)  . 

Meat 

(pg) 

Density 

(g/c^) 

Zuni  Whi*  Saaple 

TFHB  29 

99 

White 

Sphere 

3.2  xlOk 

2.4 

100 

White 

Sphere 

1.43xlo5 

2.7 

101 

Yellow 

Sphere 

5.1  xlO*1 

2.7 

102 

Yellow 

Sphere 

1.09x105 

2.6 

103 

White 

Sphere 

5.0  xlC3 

2.4 

104 

Yellow 

Sphere 

6.9  xlOk 

2.7 

105 

Yellow 

Sphere 

1.63X105 

2.7 

106 

White 

Sphere 

1.00x105 

2.5 

107 

Yellow 

Sphere 

4.8  xlOk 

2.5 

100 

White 

Sphere 

3.3  xlO*4 

2.5 

109 

White 

Sphere 

5.0  xlO4 

2.3 

110 

Yellow 

Sphere 

1.1  xlO^ 

2.7 

111 

Yellow 

Sphere 

1.05xl05 

2.7 

112 

Yellow 

Sphere 

8.6  x!0*» 

2.7 

£4 
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SUC1Z  PAIOTCLI  AIALTSI8 


Specification  of  Particle 

Paraaeters 

No.  Event  Location 

Shape 

and 

Color 

Site 

(»> 

Activity  at  Maae 

D  ♦  30  <H«) 

(c/a) 

Dene. tty 
(&/<*$) 

Zuni  Whin  Saaple 

Y7RB  29 

113 

White 

Sphere 

4.5  xlO* 

2.8 

114 

Yellov 

Sphere 

1.2  xl05 

2.7 

115 

Yellov 

Sphere 

8.5  xlOV 

2.6 

116 

Yellov 

Sphere 

6.5  xlO4 

2.4 

117 

White 

Sphere 

1.5  xlO1* 

2.6 

118 

Yellov 

Sphere 

l.l  xlO^ 

2.7 

119 

Yellov 

Sphere 

2.0  xlO* 

2.3 

120 

Yellov 

Sphere 

7.0  xlO4 

2.7 

121 

Yellov 

Sphere 

1.0  xlO5 

2.8 

122 

Yellov 

Sphere 

1.2  xlX>5 

2.7 

123 

White 

Sphere 

3.9  xlO4 

2.2 

1 24 

White 

Irregular 

2.3  xlO* 

2.3 

125 

Yellov 

Sphere 

9.8  xlOk 

2.7 

126 

White 

Sphere 

1.8  xlO5 

2.1 

UICLASSIFIE 
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82BGLS  PARTICLI  AlALXBIS 


Specification  of  Particle  _ Para— Un 


lo*  Event 

Location 

Shape 

and 

•Color 

SlM 

W 

Activity  at 
D  ♦  30 

(c/a) 

Maea 

(m) 

Denaltv 

(g/«P) 

Tm 

Whin  Smylo 

TAO-39 

357 

White 

Sphere 

281 

5.0x103 

128 

White 

Irregular 

8*1 

1.0x10? 

55 

129 

White  *29 

Irregular'*) 

1.7x10* 

25 

130 

White  .  .858 

Irregular'®' 

1*3x10? 

131 

White 

Irregular 

*95 

2.7x10* 

18 

132 

White 

Irregular 

330 

3.*xl0* 

IO 

133 

White 

Irregular 

380 

2.2x10* 

15 

13* 

White 

Irregular 

*79 

2.5x10* 

13 

135 

White 

Irregular 

330 

8.5x103 

136 

White 

Irregular 

26* 

5.*x103 

137 

White 

Irregular 

957 

1.6x10* 

*7 

138 

White 

Irregular 

363 

2.9x10* 

5 

139 

White  ,  , 

Irregular'6' 

,56! 

6.0x10* 

27 

ihO 

White 

Irregular 

1386 

*.6x10* 

216 

2b 
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SOCLE  PARTICLE  AIALXSI8 


Specification  of  Particle  PtmtUn 

Vo*  Front  Location  Shape  Sloe  Activity  at  Mass  Density 

aad  (>»)  D  ♦  30  (pg)  (e/c*3) 

_ Color _  (c/a) _ 

Tewa  Vhia  flMgils 
YAO-39 


1*1 

Vhlte 

Irregular 

*29 

5.*xl03 

1*2 

White 

Irregular 

1056 

2.a*io5 

1*3 

Irregular'4' 

792 

5. **10* 

1** 

White 

Irregular 

*62 

5.2x10* 

1*5 

White 

Irregular 

*29 

1.1x10* 

1*6 

White 

Irregular 

526 

2.7x10* 

1*7 

White 

Irregular 

1221 

2.2x10* 

1*8 

White 

Irregular 

957 

2.0x105 

1*9 

lk)  saaple 

150 

White 

Irregular 

1386 

1.2x105 

151 

White 

Irregular 

528 

7.5*K>3 

158 

White 

Irregular 

*95 

1.0x10* 

153 

White 

Irregular 

363 

l.QxlO5 

15* 

660 

6.0x10* 
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Tm  Whi*  Semple 
Yag-39 


155 

White 

Irregular 

396 

5.1X10*1 

156 

White 

Irregular 

693 

1.3x105 

157 

White 

Irregular 

396 

7.2X103 

156 

White  (f> 

Irregular'  • 

2508 

7.2X105 

159 

White  () 

Irregular'  ' 

528 

1.0*10* 

160 

White 

Irregular'1' 

396 

1.9x10* 

161 

White 

Irregular 

231 

9.5X103 

162 

White 

Irregular 

MS9 

2.3x10* 

Tewe 

Whia  SeagOe 
TFHB  29 

163 

Yellow 

Sphere'*) 

821 

h.JxlO5 

16 k 

Yellow 

Sphere 

1122 

3.2x105 

165 

Yellow 

Sphere 

925 

7.2x105 

166 

Brown  .  »  2508 

Irregular'*' 

5  .ltxl  (A 

167 

White 

891 

2.5*10^ 

Sphere 

0  I  w  L  A 

uicnssirn  p 
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Specification  of  Particle* 

■o. 

Event 

Location 

Shape 

and 

Color 

Siae 

<p> 

Activity  at 

B  +  30 

_  (c/a) 

Naae  Denaity 

(pg)  (g/cn* 

166 

Teem 

Vhla  Snyl* 
YFMB  29 

White 

Irregular 

759 

l.lxlO5 

22C 

169 

Yellow 

8pbere 

10^6 

l.QxlO6 

866 

170 

White 

Irregular 

1320 

7.2x10^ 

504 

171 

White  . 

Irregular'1*) 

1681 

4.4x10^ 

172 

Whit. 

Irr*gularv  1 

1683 

4.4xl05 

173 

0r,3r  /  ,1 
ImgUlArlJS 

990 

5.4*K)4 

m 

White 

Irregular 

957 

1.4xlD5 

175 

White 

Irregular 

1320 

1.5xl05 

176 

White 

Irregular 

924 

2.3xl05 

177 

White 

Irregular 

1023 

1.4x10 ^ 

178 

White 

Sphere 

091 

l.lxlO5 

179 

White 

Irregular 

1056 

4.6xl05 

180 

White 

Irregular 

1507 

1.3X105 

161 

White 

Sphere 

792 

9*2x10^ 
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8HGLX  PAFTICLE  AEALT8IB 

Specification  of  Particle  _ Piwwttri _ 

Vo.  Event  Location  Shape  3isa  Activity  at  Maas  Density 

and  (|i)  D  ♦  JO  (pg)  (s/c*3) 

_ Color _  (c/a) 


Teas  Whia  8anple 
TFVB  29 


162 

White 

Irregular 

759 

1*9x10** 

183 

Grey 

Irregular 

693 

3*6x10* 

ia 

White 

Irregular 

825 

3.&O0* 

185 

White 

Irregular 

1306 

1.5xl05 

186 

White 

Irregular 

1*52 

2.6xl05 

187 

White 

Irregular 

726 

8.0x10* 

188 

White 

Irregular 

528 

2.2x10* 

189 

White 

T 'Tegular 

726 

6*3x10* 

190 

White 

Irregular 

1056 

7.  *MOO* 

191 

White 

Irregular 

1617 

2*kxl05 

192 

White 

Sphere 

792 

6*5x10* 

193 

White 

Irregular 

726 

l.^xlO5 

19* 

1/2 

White 

Sphere 

759 

2.3X105 

30 
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SXSGLE  PARTICLE  AHALYBIS 

Specification  of  Particle  _ Par— stars 


Ho.  Event 

Location 

Steps 

and 

Color 

8ite 

(p> 

Activity  at 
©  ♦  30 
(c/m) 

Naas 

(pc) 

Density 

(g/cm3) 

Tens 

Whla  Saaple 
YFIB  29 

195 

White 

Irregular 

k.kxl o5 

196 

White 

Irregular 

3960 

6.Qk1o5 

(a)  White  irregular  with  two  black  dots. 

(b)  White  irregular  with  one  black  dot. 

(c)  Conglomeration  of  smaller  spheres. 

(d)  White  irregular  with  dark  yellow  spot. 

(e)  Black  discoloration  on  one  end. 

(f)  Photographed. 

(g)  Yellow  and  silver  discoloration. 

(h)  Had  grooves  like  a  clem  shell. 

(i)  U*0. 

0)  Very  porous. 


i 
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NAVY 

1-9  Chief ,  Bureau  of  Shipe  (Code  233) 

10  Chief,  Bureau  of  Medicine  and  Surgery 

11  Chief,  Bureau  of  Aeronautics  (Code  iL+O) 

12  Chief,  Bureau  of  Supplies  and  Accounts  (Code  S3) 

13-14  Chief,  Bureau  of  Tarda  and  Docks  (D-440) 

15  Office  of  Naval  Research  (Code  422) 

16  Chief  of  Naval  Operations  (Op-36) 

17  Coamander,  Nev  York  Naval  Shipyard  (Material  Lab.) 

18-20  Director,  Naval  Research  laboratory  (Code  2021) 

21  CO,  Office  of  Naval  Research  Branch  Offioe,  SF 

22-36  CO,  Offioe  of  Naval  Research,  Nee  York 

37  Naval  Medical  Research  Institute 

3*  CO,  Naval  Unit,  Artty  Cheat  cal  Center 

39  CO,  Naval  Unit,  CmlC  Training  Coaaand 

40  CO,  U.S.  Naval  Civil  Engineering  (Res.  and  Svel.  Lab.) 

41  U.S.  Naval  School  (CEC  Officers) 

42  Cooaarder,  Naval  Air  Material  Center,  Philadelphia 

43  CO,  Naval  Schools  Couaand,  Treasure  Island 

44  CO,  Naval  Damage  Control  Training  Center,  Fhiladelchia 

45  U.S.  Naval  Postgraduate  School,  Monterey 

46  CO,  Fleet  Training  Center,  Norfolk 

47-46  CO,  Fleet  Training  Center,  San  Diego 

49  Cowander,  Naval  Ordnanoe  Lab.,  Silver  Scringe 

50  Offioe  of  Patent  Counsel,  Mere  Island 

51  Coanender  Air  Force,  Atlantic  Fleet  (Code  16F) 

52  CO,  Fleet  Airborne  Electronics  Training  Unit,  Atlantic 

53  Coanandant,  U.S.  Marine  Corps 

54  Cowandant,  Marine  Corps  Schools,  Quantico  (Library) 

55  Coanandant,  Marine  Corps  Schools,  Quantico  (Dev.  Center) 

ARKI 

56  Chief  of  Engineers  (ENGS.  Dhein) 

57  Chief  of  Engineers  (ENGMB) 
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40 

61 

62 

63 

64-6*, 

66 

67 

60 

^9 

71 

72-73 

74 

75 

76 

77 

'TO 

7Q 

0Q 

*1 

02 

03 

04 

05 

*6 

07 

°9 

00 

01 

op 

03 


°4 

9* 

04 

07 

O0 

99 

100 
101 
102 
103 
10,' 

IP* 

V  6-1 07 

IPO 

1r°-llr’ 


Ohle<*  of  Research  and  Development  (Atomic  Division) 

Chief  of  Transportation  (T  Technical  Committee) 

Chief  of  Ordnance  (ORDIB) 

Chief  Chemical  Officer 

Cenuty  Chief  of  Staff  <*or  Military  Operations 
Assistant  Chief  of  Staff,  G-2 
CG ,  Chemical  Corns  Res*  and  Dev.  Command 
Ho.,  Chemical  Corps  Materiel  Command 
CG,  Aberdeen  Proving  Ground  (Library) 

President,  Chemical  Corns  Board 

CO,  Chemical  Corne  >ainin?  Command  (Library) 

CO,  Chemical  Corns  "ield  Requirements  Arency 
CO,  Chernies"1  Warfare  Laboratories 
Office  of  Chief  Signal  Officer  (3ICRD-8B) 

Director,  Walter  Reed  Arny  lied i cal  Center 

CG,  Continental  Army  Command,  Port  Monroe  (A1DEV-1) 

CG,  Quartermaster  Res.  and  Dev.  Command 
Office  of  Quartermaster  General  (R  and  D  Div.) 

Director,  Operations  Research  Office  (Librarian) 

CO,  Dug’way  Proving  Ground 
The  Surgeon  General  (V.LDNE ) 

Director,  Evans  Signal  Laboratory  (Nucleonics  Section) 

Signal  Corns  Center,  Fort  Monmouth 

CG,  Engineer  Res.  and  Dev.  Laboratory  (Library) 

CO,  Transportation  Res.  and  Dev.  Conaand,  Fort  luatis 
Commandant,  Army  Aviation  School,  Fort  Rucker 
President,  Board  No.  6  fTNARC,  Port  Rucker 
NLO,  CON  ARC,  ^ort  Monroe 

Director,  Special  Weapons  Development,  Fort  Bliss 
CO,  ’•rankford  Arsenal 

CO,  Ordnance  Materials  Research  Office,  Watertown 
CO,  Watertown  Arsenal 
Tokyo  Army  Hosoitel 

AX*  "QHCS 

Directorate  of  In  tall  i-enoe  (APOIN-’I.) 

Commander,  fir  Materiel  Command  (I’CMIM) 

Commander,  bright  Air  Development  Center  (aCRTT) 

Commander,  Wright  Air  Development  Center  (  CRTH-l) 

Commander,  Air  Ret.  and  Dev.  Command  (ID IDA) 

Director,  U3AF  Project  RAND  (flIAFD) 

Coanandant,  School  of  Aviation  Medicine,  Randolph  AID 
U3AF,  JAM,  Random  Field  (Brooks) 

CG,  Strategic  Air  Command,  Cffutt  APB  (1GAFD) 

CG,  Stmteric  Air  Comnand  (Oneratlona  Analysis  Offios) 
Commander,  Snecial  feanons  Center,  Klrtland  A^ 

Director,  Air  University  Library,  Maxwell  AF® 

'’•■‘mnaiv'er,  'eehnieal  Traininr  l*iar,  341*  th  TTO 
'3,  Cambridge  Research  Center  (CRKfK) 

CO,  Air  father  Serviae-*  ATS,  Ienglay  APB 
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DTiER  POD  ACTIVITIES 

111  Chief,  Armed  Foroes  Soecial  Weanons  Project 

112  AFSWP,  SW'TG,  Sandia  Base  (Library) 

113-115  AFSWP,  Hq,.  fl*r  Comm-n4,  Sandia  Base 

116  Asaistant  Secretary  of  Defense  (Rea.  and  Dev.) 

117-118  Assistant  Secretary  of  Defense  (Civil  Defense  Div.) 

119-123  Arned  Services  Technical  Information  Agency 

AEC  ACTIVITIES  AND  T  AKERS 

124  Alco  Products,  Inc. 

125  Argonne  Cancer  Research  Fosnital 

126-135  Argonne  National  Lahore 4  ry 

136-13°  Atomic  Energy  Commission,  Washington 
140-1/, 1  Atonies  International 

142-143  latte1  le  Manorial  Institute 

144-147  Bettis  Plant 

148  Boeing  Airnlane  Comrany 

14°-152  Erookhaven  National  Laboratory 

153  Brush  Beryllium  noany 

154  Carnegie  Institute  of  Technology 

155  Chicago  Patent  GrouD 

156  Columbia  University  (Hassialis) 

157  Columbia  University  (Havens) 

158  Combustion  Engineering,  Inc. 

159-160  Consolidated  Vultee  Aircraft  Cornoration 

161  C  onvair- General  Dynamics  Corporation 

162  Tvftnse  Resaarch  Kern  bar 

163  Department  of  Food  Tachnology,  MIT 

164  Dow  Chemical  Company,  Pittsburg 

165  Doe  Chemical  Company,  Rocky  Flats 

166-168  duPont  Comnany,  Aiken 

169  duPont  Comnany ,  Wilt  i.ng ton 

170-171  General  Electric  Comnany  (ANPP) 

172-183  General  Blactric  Comnany,  Richland 
1*4  General  Nuclear  Engineering  Cornr  ration 

1®«-1°6  Goodyear  Atomic  Corporation 

107-188  I owe  State  College 

1*°-1°1  Knolls  Atomic  Power  Laboratory 

192-19)  Lockheed  Aircraft  Corporation,  Marietta 
194-1°*  Los  Alesha  Sciantific  Laboratory 

1°6  Mound  Laboratory 

1°7  National  Adviaory  Committee  ‘‘or  Aeronautics 

19*  National  Bureau  of  Standards  (Library) 

lQo.-r°C  Na*ir.na!  Bureau  of  "tandards  (Taylor) 

201  National  lea4  Comnany,  Inc.,  Wir.obeater 
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UICLASSirilD 


202  National  Lb  a d  Company  of  Ohio 

203  New  Brunswick  Laboratory 

204-205  Haw  York  Operations  Office 

206  Nee  York  University 

207-208  Nuclear  Development  Corporation  of  laeriea 

209  Nuclear  Netals,  Inc. 

210  ■  Oak  Ridge  Institute  of  Nuclear  Studies 

211-216  Oak  Ridge  National  Laboratory 

217  Patent  Branch,  Washington 

218  Pennsylvania  State  University  (Blanchard) 

219-222  Phillips  Petrols*  Coaoany 

223  Prlnoeton  University  (White) 

224-225  Public  Health  Service,  Washington 

226  RAND  Corporation 

227  Sand  la  Corporation 

228  Sylvania  Slectrlc  Products,  Inc. 

229  Technical  Operations,  Inc. 

230  Union  Carbide  Nuclear  Company  (C-31  Plant) 

231-232  Union  Carbide  Nuclear  Coaoany  (K-25  Plant) 

233-235  United  Aircraft  Corporation 

236  U.S.  Geological  Survey,  Denver 

237  U.S.  Geological  Survey,  Menlo  Park 

238  U.S.  Geological  Survey,  Naval  Gun  Plactory 

239  U.S.  Geological  Survey,  Washington 

2/0  U.S.  Patent  Of floe 

2/1  UCLA  Medical  Research  Laboratory 

242  University  of  California  Medical  Center 

2/3-244  University  of  California  Radiation  Laboratory,  Berkeley 

245-24*  University  of  California  Radiation  Laboratory,  Livermore 

249-2^0  University  of  Rochester  (Marshak) 

251  University  of  Rochester  (Technical  Report  Unit) 

252-253  University  of  Washington  (Manley) 

254  Vitro  Engineering  Division 

255  Weil .  Dr.  George  L. 

256-257  Westinghouse  Electric  Corporation 

258  Yale  University  (Breit) 

259  Yale  University  (Schulta) 

260-284  Technical  Inforaation  Service,  Oak  Ridge 


USNRPL 

285-325  USNRDL,  Technical  Information  Division 


DATE  IS5UB>s  1  August  1957 


UNCLASSIFIED 


